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the vehicle comprising thereof. A physical layer device
(PHY) according to one embodiment of the present invention
may include a first pin receiving a power-on signal from
exterior; a second pin which can be set as a first mode or a
second mode; a decision unit which determines the mode in
the second pin when the power-on signal is received at the first
pin; and an operating preparation unit which initiates a com-
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mode in the second pin which is determined by the decision
unit.
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1
CONTROL UNIT FOR IN-VEHICLE
ETHERNET AND METHOD FOR
CONTROLLING THEREOF

TECHNICAL FIELD

The present invention relates to communication within a
vehicle, and particularly relates to an in-vehicle Ethernet, and
the vehicle comprising thereof.

BACKGROUND OF THE INVENTION

Typically, communication between electronic control units
(ECU) within a vehicle has been operated by a controller area
network (CAN). However, due to relatively low speed of the
CAN communication, it has been actively attempted to use a
commercial Ethernet for communication between control
units in the vehicle recently.

By using the commercial Ethernet, it may be possible to
reduce cost for constructing a system with cheap commercial
parts. It is also advantageous to keep wiring and connection
structure simple by connecting local networks from ECUs to
a main system bus.

If'the Ethernet is used as above, a control unit may include
a central processing unit (CPU) and a physical layer (PHY)
device (e.g. achip) which is capable of connecting the CPU to
an external device. As noted in its abbreviation, the PHY
device is directed to a physical layer, i.e., a connecting part of
the control unit to the outer system. In particular, the PHY
device may have functions incorporating a transceiver func-
tion which include receiving external signals, converting
them into signals which is readable by CPU, decrypting
encoded or modulated data into original packets and transfer-
ring such data to CPU.

Such a PHY device can be initiated to operate by receiving
a predetermined value necessary for operation from the CPU
via serial communication when booting of the CPU is com-
pleted. Therefore, while booting of the CPI is in process, the
normal operation of PHY device cannot be secured. Mean-
while, several ECUs installed within a vehicle can include
various types of CPUs, and their operating system (OS) can
be different to each other. Thus, booting time of the CPU in
each control unit can be different. With aforementioned rea-
sons, when two or more of ECUs need to communicate
through their individual PHY devices for a certain operation,
for example, an operation of a rear view camera during which
a camera controller unit and a head unit display controller unit
work together, the PHY devices may not be able to operate
properly because of any certain delay in one of the CPUs’
booting and this may cause further delays in such operation.

SUMMARY OF THE INVENTION

The present invention provides a control unit which oper-
ates more efficiently in an Ethernet network provided within
a vehicle and a method of controlling thereof.

In particular, the present invention provides a control unit
including a physical layer device (PHY) which can determine
configurations and initiate a communication without receiv-
ing a predetermined value from the CPU; and a method of
controlling thereof.

While the invention will be described in conjunction with
exemplary embodiments, it will be understood that the
present description is not intended to limit the invention to
those exemplary embodiments. On the contrary, the invention
is intended to cover not only the exemplary embodiments, but
also various alternatives, modifications, equivalents and other

10

15

20

25

30

35

40

45

50

55

60

65

2

embodiments, which may be included within the spirit and
scope of the invention as defined by the appended claims.

In order to provide technical solutions to aforementioned
technical difficulties, a physical layer device (PHY) accord-
ing to one embodiment of the present invention may include
a first pin receiving a power-on signal from exterior; a second
pin which can be set as a first mode or a second mode; a
decision unit which determines the mode configuration in the
second pin when the power-on signal is received at the first
pin; and an operating preparation unit which initiates a com-
munication by applying predetermined value based on the
mode determined by the decision unit.

In another exemplary embodiment, a control unit within a
vehicle which provides an Ethernet may include a central
processing unit (CPU); and a physical layer device (PHY)
which is connected to the CPU through a first communication
and a second communication. The physical layer device may
include a first pin receiving a power-on signal from exterior
and a second pin which can be set as a first mode or a second
mode. When receiving a power-on signal at the first pin, the
physical layer device can initiate the communication by
applying a predetermined value based on the mode in the
second pin.

In addition, the present invention provides a method of
controlling a physical layer (PHY) device by receiving a
power-on signal from exterior through a first pin; determining
a mode in a second pin which can be set as a first mode or a
second mode; and initiating a communication by applying a
predetermined value based on the mode in the second pin.

According to exemplary embodiments providing such
physical layer device, the control unit may operate more
efficiently.

Particularly, as being separated from the CPU, the physical
layer device in the present invention can be initiated with a
wakeup interrupt and setting for its operation may be applied
with a based on the predetermined pin configuration. There-
fore, the communication can be initiated without being inter-
rupted by booting delays of CPU.

A better understanding of the present invention may be
obtained through the following examples which are set forth
to illustrate, but are not to be construed as limiting the present
invention. Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, numer-
ous equivalents to the specific procedures described herein.

BRIEF DESCRIPTION OF DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

FIG. 1 illustrates a control unit within a vehicle including a
CPU and a physical layer device (PHY) chip according to an
exemplary embodiment of the present invention.

FIG. 2 is a flow diagram showing an operating process of
the CPU and PHY chip in the control unit of FIG. 1 according
to an exemplary embodiment of the present invention.

FIG. 3 is a diagram illustrating an exemplary structure of a
control unit within a vehicle including a CPU and PHY chip
according to one embodiment of the present invention.

FIG. 4 is a flow diagram showing an operating process of
the PHY chip in the control unit of FIG. 3 according to one
embodiment of the present invention.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various exemplary features illustrative of the
basic principles of the invention. The specific design features
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of the present invention as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particular intended
application and use environment.

DETAILED DESCRIPTION OF THE INVENTION

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, combustion, plug-in hybrid -electric
vehicles, hydrogen-powered vehicles and other alternative
fuel vehicles (e.g. fuels derived from resources other than
petroleum).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

According to the present invention, a network within a
vehicle can include an Ethernet. If the Ethernet is included in
the network development for in-vehicle use, it can be advan-
tageous to achieve faster communicating speed and reduce
cost and time for research and development of such system by
using a commercially available apparatus, such as an Ethernet
communication chip, cable, hub and the like.

Hereafter, a physical layer device can be referred as, but not
limited to, “PHY chip” according to an exemplary aspect. A
physically device also may further include a various types of
electronic devices.

FIG. 1 is a diagram illustrating a control unit for a vehicle
including a CPU and a physical layer device (PHY) chip
according to an exemplary embodiment of the present inven-
tion.

As shown in FIG. 1, the control unit for the vehicle may
include a CPU (110) and a PHY chip (120). The CPU (110)
and PHY chip (120) can be connected through a Media Inde-
pendent Interface (MI1, 130) or a serial communication (140).
The MII, as based on a commercial Ethernet standard defined
in IEEE 802.3 and disclosed herein, may consist of a media
access controller (MAC), a data interface between PHY
devices and a management interface. The data interface is
provided with individual channels of a transmitter and a
receiver, and each channel has respective cluck, data or con-
trolling signal. The management interface may consist of
two-signal interface; one can be a signal for cluck, and the
other can be a signal for data. Through the management
interface, an upper layer can monitor and control the physical
layer. As mentioned above, upon completion of booting, the
CPU (110) can transfer the predetermined value by a serial
communication (140) for the operation of PHY chip (120).
Besides, the control unit within the vehicle may include a
power supply (150) to PHY chip (12) and an interface (160)
for connecting with other controllers via Ethernet.
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FIG. 2 is a flow diagram of an operating process of the CPU
and PHY chip in the control unit of FIG. 1 according to an
exemplary embodiment of the present invention.

As shown in FIG. 2, CPU and PHY chip start operation
individually by supplying power to the control unit (S210).
Specifically, the PHY chip holds its initial configuration until
the predetermined value is transferred from the CPU (S220A)
and in the CPU, booting of operating system (OS) or canal
road is performed (S220B). When booting of the CPU is
completed, the CPU transfers the predetermined value nec-
essary for the operation of PHY chip through the serial com-
munication (S230). When the predetermined value is suc-
cessfully received (S240), the PHY chip is completed with its
configuration based on the predetermined value and becomes
ready for communication. Thereafter, the CPU may monitor
errors in the Ethernet link (S260) and further determine
whether it fails to link (S270).

The operating process described in FIG. 2 is beneficial in
the respect that configuring of PHY chip gets flexible because
the CPU transfers the predetermined value to the PHY chip.
However, unlike the typically used commercial Ethernet, for
the network within a vehicle, it does not frequently occur
adding or removing network elements, so such network does
not require such flexibility much. Moreover, in most in-ve-
hicle Ethernet, the network is utilized to maintain applica-
tions rather than to operate links, therefore, such determining
step of link failure may not be necessary.

Considering such specific features of the in-vehicle Ether-
net, the predetermined values for operating PHY chip may
not have to be changed from a particular value. Consequently,
for the in-vehicle Ethernet, among many of the predetermined
values, the initially predetermined value which is determined
as a mater mode or a slave mode according to a relative
arrangement with other control units may be sufficient

Thus, in one exemplary embodiment, the present invention
may include saving the predetermined values in the PHY chip
prior to operation and completing configuration for PHY chip
operation based on the pin mode which may be a master mode
or slave mode instead of receiving the predetermined values
from the CPU. Since initial setting in PHY chip is completed
before CPU is booting, the PHY chip may operate immedi-
ately whether or not booting of the CPU is completed or not.

In some embodiments, when a power-on signal is gener-
ated in such control unit, PHY chip may need to be awake
without being associated with the CPU. Accordingly, in cer-
tain exemplary embodiments, the present invention further
includes providing with a separate interrupt pin in the PHY
chip when the power-on signal is generated for a certain
control unit. Therefore, when a power-on signal is generated,
such power-on signal may be transferred directly to the PHY
chip to generate an interrupt.

As shown in FIG. 3, the present invention further provides
a control unit construction according to another exemplary
embodiment. FIG. 3 is a diagram illustrating an exemplary
structure of a control unit including a CPU and PHY chip
within a vehicle.

In FIG. 3, the control unit may include the CPU (310) and
the PHY chip (320). The CPU (310) and the PHY chip may be
connected through MII (330) or serial communication (340);
be powered by power supplier (350); and be connected to the
network through the internet interface (360). It may be pref-
erable to install a config pin (370) to determine the master or
slave mode, and a wake-up interrupt pin (380) to generate the
interrupt to respond to the power-on signal in the control unit
besides from the CPU.

The config pin (370) may be a type of hardware switch and
can be constructed therein to determine whether the PHY



US 9,118,651 B2

5

chip operates with master mode or slave mode according to its
physical connection status. This is due to the fact that the
in-vehicle Ethernet operates with a fixed mode as manufac-
tured without further modification, although the commercial
Ethernet where the PHY chip operates with master mode or
slave mode based on the CPU setting. When the control unit
is installed at the switch position in such Ethernet network,
the PHY chip may operate with master mode. Meanwhile,
when the control unit is installed at the end-point, it may
operate with slave mode. In order to provide such control unit,
another exemplary embodiment provides the PHY chip
including a determining unit (not shown) for determining the
configuration of config pin (370) and an operating prepara-
tion unit (not shown) for initiating the operation of the PHY
chip by applying predetermined value based configuration of
the config pin determined by the decision unit.

In other embodiments, the predetermined values for PHY
chip configuration may consist of required values defined by
required functions for the in-vehicle PHY chip and does not
need additional determination from the CPU. In this respect,
in an exemplary embodiment of the present invention, the
predetermined value for operation of the PHY chip may be is
stored in a pull-up register or a pull-down register to save as a
pull-up or pull-down setting which is typically defined in the
situation where no signal is detected in a digital apparatus.
Moreover, a memory unit (not shown) may be used for storing
the predetermined values other than the pull-up or pull-down
register.

FIG. 4 describes an operating process of the control unit in
FIG. 3. FIG. 4 is a flow diagram showing an operating process
of'the PHY chip in the control unit of FIG. 3 according to one
embodiment of the present invention.

As shown in FIG. 4, when power is supplied to the PHY
chip and the control unit receives (S410) the power-on signal
through the wakeup interrupt pin (380), the PHY chip deter-
mines the configuration of config pin (370). Based on such
configuration, the PHY chip may initiate operation and Eth-
ernet communication (S430) by applying the predetermined
value for either master mode or slave mode without receiving
separate predetermined value from the CPU.

While this invention has been described in connection with
what is presently considered to be exemplary embodiments, it
is to be understood that the invention is not limited to the
disclosed exemplary embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
accompanying claims.

The invention claimed is:

1. A physical layer device (PHY), comprising:

a first pin receiving a power-on signal from exterior;

a second pin which can be set as a first mode or a second

mode;

a decision unit which determines the mode in the second
pin when the power-on signal is received at the first pin;
and

an operating preparation unit which initiates a communi-
cation by applying a predetermined value based on the
mode in the second pin which is determined by the
decision unit.

2. The physical layer device according to claim 1, wherein
the first mode is a master mode and the second mode is a slave
mode.

3. The physical layer device according to claim 1, wherein
the physical layer device is included in a control unit within a
vehicle and connected to a central processing unit (CPU) of
the control unit through a first communication or a second
communication.
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4. The physical layer device according to claim 3, wherein
the power-on signal is received from the exterior of the con-
trol unit.

5. The physical layer device according to claim 3, wherein
the operating preparation unit initiates the communication by
applying the predetermined value whether or not booting of
the CPU is completed.

6. The physical layer device according to claim 3, wherein
the first communication is a serial communication and the
second communication is a Media Independent Interface
(MID).

7. The physical layer device according to claim 1, wherein
the predetermined value determined by the decision unit is
stored in a pull-up register or a pull-down register.

8. A control unit within a vehicle which provides an Eth-
ernet, comprising:

a central processing unit (CPU); and

a physical layer device (PHY) which is connected to the

CPU through a first communication and a second com-
munication;

wherein the physical layer device includes a first pin

receiving a power-on signal from exterior and a second
pin which can be set as a first mode or a second mode,
and when the power-on signal is received at the first pin,
the physical layer device initiates a communication by
applying a predetermined value based on the mode in the
second pin.

9. The control unit within the vehicle according to claim 8,
wherein the first mode is a master mode and the second mode
is a slave mode.

10. The control unit within the vehicle according to claim
8, wherein the physical device initiates the communication by
applying the predetermined value whether or not booting of
the CPU is completed.

11. The control unit within the vehicle according to claim
8, wherein the first communication is a serial communication
and the second communication is a Media Independent Inter-
face (MII).

12. The control unit within the vehicle according to claim
8, wherein the predetermined value is stored in a pull-up
register or a pull-down register of the physical layer device.

13. A method of controlling a physical layer (PHY) device,
comprising steps of:

receiving a power-on signal from exterior at a first pin;

determining a mode in a second pin which can be set as a

first mode or a second mode; and

initiating a communication by applying a predetermined

value based on the mode in the second pin.

14. The method of controlling the physical layer (PHY)
device according to claim 13, wherein the first mode is a
master mode and the second mode is a slave mode.

15. The method of controlling the physical layer (PHY)
device according to claim 13, wherein the physical layer
device (PHY)is included in a control unit within a vehicle and
connected to a CPU of the control unit through a first com-
munication and a second communication.

16. The method of controlling the physical layer (PHY)
device according to claim 15, wherein the power-on signal is
received from the exterior of the control unit.

17. The method of controlling the physical layer (PHY)
device according to claim 15, wherein initiating the commu-
nication is performed whether or not booting of the CPU is
completed.

18. The method of controlling the physical layer (PHY)
device according to claim 15, wherein the first communica-
tion is a serial communication and the second communication
is a Media Independent Interface (MII).
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19. The method of controlling the physical layer (PHY)
device according to claim 13, wherein the predetermined
value is stored in a pull-up register or a pull-down register of
the physical layer device.

#* #* #* #* #*



